Introduction
Xanthine dehydrogenase (xanthine oxidase) is an important enzymethat catalyzes the oxidation of hypoxanthine to xanthine and uric acid from xanthine during the final stage ofpurine metabolism. Classical xanthinuria, due to a lack of xanthine dehydrogenase activity, is characterized by hypouricemia, reductions in urinary uric acid excretion, and increases in the serum and urinary xanthine and hypoxanthine concentrations. Classical xanthinuria was first reported by Dent and Philpot in 1954 (1) . It is transmitted as an autosomal recessive disease with no chromosomal abnormalities. In Japan, only about 20 cases have been reported (2) (3) (4) (5) . The clinical symptoms include myositis due to tissue deposits of xanthine and urinary tract calculi caused by increased urinary excretion ofxanthine. It was reported that the variations in allopurinol metabolism existed in patients with classical xanthinuria, because some xanthinuric patients could metabolize allopurinol to oxipurinol (6) . Recently, classical xanthinuria was classified into the following two types (7): type 1, a deficiency of xanthine dehydrogenase alone and type 2, deficiencies of xanthine dehydrogenase and aldehyde oxidase. Since both xanthine dehydrogenase and aldehyde oxidase metabolize allopurinol, a xanthine dehydrogenase inhibitor, to oxipurinol, types 1 and 2 are differentiated by administering allopurinol and measuring oxipurinol in the serum or urine (7) . In the present paper, two brothers with classical type 1 xanthinuria are reported and the allopurinol loading test was conducted to determine the optimal examination times and specimens required for this test.
Case Reports
These patients were brothers and the sons of a consanguineous marriage. Case 1 (propositus) was a 34-year-old male, in whomhypouricemia was found during a routine health examination, and cameto our hospital for further medical care. His laboratory data showed low serum uric acid and urinary uric acid excretion (Table 1) . He had moderate gastritis and a duodenal ulcer, but no myositis or urolithiasis. Other examinations, including that of renal and liver functions, were normal. Case 2 was a 35-year-old male, the elder brother of case 1. Since classical xanthinuria was suspected in Case 1 , this patient was examined for the disease. His serum uric acid and urinary uric acid excretion also were low (Table 1) . He did not have a duodenal ulcer, myositis, or urolithiasis.
Though their father interestingly suffered from gout, it might be secondary because he had hypertension and renal insufficiency, and had taken antihypertensive medicines. Their mother did not have any past history of diseases. 
in urine, UuaV: Urinary excretion of uric acid. 
Materials and Methods
Analyses of oxypurine, allopurinol, and oxipuhnol levels Hypoxanthine, xanthine, uric acid, allopurinol, and oxipurinol were analyzed using high pressure liquid chromatography (HPLC) according to the modified method by Kojima et al (8) .
Allopurinol loading test
The patients were instructed to refrain from drinking alcoholic beverages for one week prior to the test. The control subjects were healthy 46-and 36-year-old males. Their serum uric acid and urinary excretion of uric acid were 5.4 and 5.5 mg/ dl and 689.6 and 449. 1 mg/day, respectively. Their clearance of creatinine and uric acid were 140.7 and 133.0 ml/min and 8.8 and 5.7 ml/min, respectively. The dosage of allopurinol was determined according to the methods by Yamamoto et al and Hosoya et al (5, 9) . The allopurinol loading test was conducted in the following manner: after P.O. administration of 300 mg of allopurinol, urinary specimens were collected every 2 hours; the procedure was continued for 6 hours; and blood specimens were collected 1 , 3, and 5 hours after administration of allopurinol. Allopurinol and oxipurinol contents were determined in the urine and serum. The presence of oxipurinol in serum and urine demonstrated the existence of xanthine dehydrogenase activity or aldehyde oxidate activity.
Determination of xanthine dehydrogenase activity A control duodenal mucosa sample was obtained from the 36-year-old male mentioned above. Xanthine dehydrogenase activity was determined in the following manner: biopsy specimensof the duodenal mucosawere taken under endoscopyand the enzyme activity was determined using HPLC. The protein content was determined by the method of Lowry et al (10) .
Results

Purine metabolism
As described in the case reports, both Cases 1 and 2 had markedly low serum and urinary uric acid levels. In both cases, urinary oxypurine excretions were increased and urinary xanthine excretions were mainly found in urinary oxypurine excretions (Table 2) . Serum oxypurine levels were also high, mainly xanthine in both cases. Most total purine urinary excretions were oxypurine which is a precursor of uric acid in Cases 1 and 2. The xanthine dehydrogenase activity of the duodenal mucosa was below the detectable level in both cases.
Based on these findings, both patients were diagnosed as suffering from classical xanthinuria.
Allopurinol loading test Allopurinol loading tests were conducted on Cases 1 and 2 to determine the type of classical xanthinuria. Serum and urinary allopurinol levels in Cases 1 and 2 were similar to those in normal subjects (Fig. 1) . Oxipurinol was detected in the first urine sampleand the second serumsampleof Cases 1 and 2, and the changes were similar to the changes in normal subjects (Fig.  2) . Thus, the metabolism of allopurinol to oxipurinol demonstrated that Cases 1 and 2 suffered from classical xanthinuria type1.
Discussion
Xanthine dehydrogenase exists as a dimer and each subunit has a molecular weight of 145,000. It has four prosthetic groups (a molybdenum co factor, two non-heme irons, and a FAD) in each subunit that participate in electron transport. Human xanthine dehydrogenase CDNAconsists of 4002 nucleotides (ll) and the human gene was mapped to chromosome 2p23 (12) .
Classical xanthinuria types 1 and 2 were regarded as a single clinical entity because of similar clinical symptoms and blood chemical analyses. Causes of classical xanthinuria at the molecular level were unknown until recently. For classical type 1 xanthinuria, an abnormality of the xanthine dehydrogenase gene itself was hypothesized. While an abnormality in the molybdenumco factor that is shared by both enzymes is thought to be the cause of classical type 2 xanthinuria. Recently, we reported, for the first time, a nonsense mutation and deletion of the xanthine dehydrogenase gene in four patients with classical type 1 xanthinuria, including the patients in this report ( 1 3 present cases had a C to T base substitution at nucleotide 682 that should cause a CGA(Arg) to TGA(Ter) nonsense substitution at codon 228. As for this mutation, the patients were homozygousand their parents wereheterozygous. In other words, it was confirmed that there was abnormality in xanthine dehydrogenase gene of the patients with classical type 1 xanthinuria.
Classical xanthinuria was suspected in these patients because of the typical laboratory data such as hypouricemia, hypouricosuria, and high levels of hypoxanthine and xanthine in serum and urine (14) . The fact that most of the urinary total purine excretion wasabsolutely oxypurinemeantthat metabolism to uric acid was blocked. It is well knownthat, in addition to classical xanthinuria, no activity of xanthine dehydrogenase and aldehyde oxidase is found in molybdenumco factor deficiency. However, molybdenum co factor deficiency has no sulfite oxidase activity and is usually associated with severe neurological disorders such as neonatal period intractable seizures, mental retardation and coma, as well as dislocation of the lenses due to the absence ofsulfite oxidase activity (15) . As for these patients, the possibility of molybdenum co factor deficiency was not considered because they had no neurological disorders. Thus, their metabolic disorder was diagnosed as classical xanthinuria type 1 due to the finding of allopurinol oxidizing activity in the allopurinol loading test and the lack of detection of xanthine dehydrogenase activity in duodenal mucosa. As for purine metabolism of the patients, the rate of serum and urinary xanthine in oxypurine were compatible with that in classical xanthinuria and the source of xanthine could have mainly been guanine as previously reported (14) . The patients did not have any symptoms concerning deposition of xanthine like myositis and urolithiasis. Aduodenal ulcer was found in the younger brother with classical type 1 xanthinuria, but not in the elder brother. Somepatients with classical xanthinuria and duodenal ulcers have also been reported (4, 5) . Duodenal ulcers in patients with classical xanthinuria maybe related to low uric acid which is a scavenger of free radical. However,it is not certain whether the two have a cause-effect relationship or merely coexist. There are some protocols of the allopurinol loading test for classical xanthinuria. In order to be useful in the classification of classical xanthinuria, the allopurinol loading test by this protocol must be able to separate classical xanthinuria into the two subtypes. Oxipurinol is excreted in urine, after most allopurinol is oxidized to oxipurinol within 2 to 6 hours in healthy subjects. In patients with classical xanthinuria, probably type 2, it was reported that urinary oxipurinol was not detected even after administration of 800 mg allopurinol, because allopurinol was not converted to oxipurinol (16, 17) . Accordingly, obvious detection of oxipurinol indicates that a patient does not suffer from classical type 2 xanthinuria in the allopurinol loading test, though the result of the allopurinol loading test only was obtained for the patients with classical type 1 xanthinuria, not patients with classical type 2 xanthinuria in this report. In most allopurinol loading tests conducted in patients with classical xanthinuria which were reported, 600-800 mg of allopurinol was administered and the oxidation to oxipurinol was confirmed with measurement of urinary oxipurinol 4-24 hours after administration (6, 7) . Allopurinol has various influences on metabolism such as the inhibition of orolidine-5f-pho sphate decarboxylase , orotatepho sphoribo syltransferase , and phosphoribosyl pyrophosphate amidotransferase and rarely causes allopurinol hypersensitivity syndrome, including Stevens-Johnson syndrome and Lyell syndrome, and bone marrow suppression due to the toxicity of oxipurinol, especially in patients with renal insufficiency (18) (19) (20) (21) (22) (23) (24) (25) (26) .
Though allopurinol hypersensitivity syndrome is considered to be immunologically mediated and not dose-dependent, most other side effects of allopurinol (bone marrowsuppression, exfoliative dermatitis, etc) are the result of relative overdosage of allopurinol (22, 23, 25, 26) . Accordingly, less dosage of allopurinol is important for patients undergoing the allopurinol loading test, though allopurinol is not used continuously. The usual dosage ofallopurinol is 100-300 mg/day for patients with gout or hyperuricemia. The loading test was performed using 300 mgallopurinol because Yamamotoet al reported that classical xanthinuria could be divided into two subgroups after 300 mg of allopurinol loading and measuring allopurinol and oxipurinol in urine 4-12 hours later (5).
On the other hand, the determination of the type of classical xanthinuria from serum oxipurinol has been reported though urine collection from outpatients has been done for a long time. In this study, it was revealed that measurement of serum allopurinol and oxipurinol was useful for the classification of classical xanthinuria. It was confirmed that the measurements of allopurinol and oxipurinol in serum at 1 hour or in urine between 2 and 4 hours after administration of allopurinol are enough to determine the type of classical xanthinuria from the results of frequent measurement of allopurinol and oxipurinol in serumand urine. It is mostreliable to measureallopurinol and oxipurinol in serum at 3 hours and in urine between 2 and 4 hours after administration of allopurinol because the type of classical xanthinuria for higher levels of oxipurinol in serum and urine can be easily determined. The roles of xanthine dehydrogenase and the product, uric acid, in the body are complicated. Xanthine dehydrogenase has recently been attracting attention for its possible involvement in triggering tissue damageby producing free radicals in certain disease conditions. Many studies have been conducted on organs such as the lungs, heart, kidneys, and liver (27-30). On the other hand, uric acid that is oxidized from xanthine by xanthine dehydrogenase is a scavenger of free radicals. Classical xanthinuria is valuable because of the lack of xanthine dehydrogenase. It is considered that the incidence of complications of classical xanthinuria should be studied in the future to understand the role of xanthine dehydrogenase in diseases.
